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Diamond coatings were prepared on silicon substrates 'or fracture studies. Two thicknesses of coatings were evaluated: 6 m and 12 m. :'he diamond films increased .the strength of the silicon for the same size fracture initiating crack and thus caused an a pparent toughness increase from 1.1 MPam 1 2 for the uncoated silicon to about ,1.6 Maml72 for the 12 11 coated silicon. Fractography showed that the indentation impression on the coated surface was altered by the coating, but this did not alter the formation of the radial crack beneath the surface so that indentation fracture mechanics can be used for thin coatings with thicknesses below 12 m. Fractography also showed that the coatings separated from the substrate under and near the indentation site, but was still intact away from the indentation. Most of the fracture in the diamond coating was transgranular indicating good intergranular adhesion.
coatings separated from the substrate under and near the indentation site, but was still intact away from the indentation. Most of the fracture in the diamond coating was transgranular indicating good intergranular adhesion.
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for the same size fracture initiating crack and thus caused an apparent toughness increase from 1.1 MPam// 2 for the uncoated silicon to about 1.6 MPam 1/2 for the 12 pm coated silicon. Fractography showed that the indentation impression on the coated surface was altered by the coating, but this did not alter the fomiation of the radial crack beneath the surface so that indentation fracture mechanics can be used for thin coatings with thicknesses below 12pm. Fractography also showed that the coatings separated from the substrate under and near the indentation site, but was still intact away from the indentation. Most of the fracture in the diamond coating was transgranular indicating good intergranular adhesion.
The development of low pressure techniques for the production of diamond films and substrates has encouraged researchers, technologists and industrialists to utilize the unique properties of diamond in a plethora of applications 1. The potential uses range from coatings for bearings and cutting tools to free standing infrared dome materials 2 .
Many of the potential applications involve diamond as a structural material. However, very few studies have been reported on the fracture of diamond 2 . This letter reports on the fracture of microwave-plasma-assisted chemical vapor deposition (MPACVD) of diamond coated silicon substrates. Two thicknesses of diamond coatings are evaluated:
nominally 6pm and 12 pm. The diamond films were characterized using Raman spectroscopy. Diamond pyramid indentations were used to control the crack size and location of failure. The strength and toughness of the diamond coated silicon substrates were determined and fractography was used to identify the nature of the fracture. .
Single crystal silicon was selected as the substrate for diamond films because it is isostructural with diamond and previous experience is available on the fracture of silicon 3 . Diamond deposition was made utilizing a Toshiba tube type microwave systeml, 4 . The system creates a plasma which operates at 2.45 GHz with a maximum output power of 1500 W. The microwave cavity surrounds a 38mm quartz tube which contains the susceptor and substrate. In an attempt to obtain uniform films, all substrates were polished with a mixture of 0.5 pim diamond powder and methanol. All substrates should be considered as seeded.
Two deposition time periods were evaluated: 5h and 10 h.. The deposition conditions were held constant at a gas mixture of 2 % methane in UHP hydrogen, at a gas pressure of 90 Torr, and at a temperature of 1000 *C. The coating rate was
Raman spectroscopy characterization of the diamond films were obtained. Figure   1 shows typical spectra. The characteristic 1332 cm-1 absorption band indicates that sp 3 carbon to carbon bonding is present. The sp 2 bonded carbon is shown as an absorption band between 1380 cm-1 and 650 cm-1 . The observed band between 1400 cm-1 and 1600 cm-I is considered negligible 5 .
In order to study the fracture properties, the coated silicon substrates were indented with a Vickers diamond at indentation loads of 3, 5, 7 and 9 kg. loads and then fractured in three point flexure. The toughness, Kc, was calculated from the indentation strength and load 6 :
where E is the elastic modulus, H is the hardness, q is a constant (0.59), a is the stress at fracture and P is the indentation load. For the purposes of this calculation, it was assumed that the diamond coating would not change the E & H values of the silicon appreciably. A measure of the toughness was also calculated from the observed crack size on the fracture surface using a fracture mechanics equation modified to account for the (local) residual stress associated with the indentation process 7 , 8 .
where c is [a.b]t/2; a is the depth and b is the half width of a semi-elliptical crack; 1.65 accounts for the shape. location and other constants in the fracture mechanics expression. This latter constant assumes that the crack is small relative to the thickness of the bar and tbat local residual tensile stresses (from the indentation process) are present.
In Figure 2 Table I .
Notice that the 10 hour diamond is about 38 % higher (1.6 MPaml/ 2 ) than the uncoated silicon 3 ( 1.2 MPaml/ 2 ). Of course, this is an apparent toughening because the most likely reason for the increased strength is a residual compressive stress on the surface of the coated bars due to thermal expansion mismatch between the diamond and the silicon.
If we examine the fracture surfaces of the diamond coated silicon, we notice several important features. First, for example, in Figure 4 , we notice that a wellformed radial crack is present on the fracture surface under the fracture initiating indentation site. It does not appear much different than those formed on uncoated silicon (Figure 4a ). If we examine the surface of the indentation site ( Figure 5 a) , then we see that there is more crushing than expected and a well formed surface trace 3 , 6 does not appear. However, for higher indentation loads, the crack sizes and shapes formed do not differ, on the average, from that of silicon alone 3 Second, the fracture in the diamond is primarily transgranular ( Figure 4 c-d and Figure 5 b-c), implying that the inter-grain adherence is relatively strong. Third, in Figure 4 c, notice that the diamond layer separates from the substrate during fracture near the initial damage due to the indentation. This separation does not occur elsewhere in the material (Figure 4d ). Thus, it appears that the stress state under the indenter is such that separation is enhanced. We know from previous studies that lateral cracks can indeed form under the indentation site and proceed approximately parallel to the surfacel 0 , 11. This result also implies that the coating-substrate adherence is mostly mechanical.
In a few limited cases, the diamond coating did not completely cover the Si surface.
For these cases, the strengths were comparable to uncoated Si. Thus, it appears that a certain amount of contiguity is needed for successful strengthening. This finding is consistent with, and supports the compressive stress layer strengthening proposed here.
These few samples were not counted in the strength and fracture studies reported here.
The conclusions from this study are as follows:
1. Relatively thin diamond coatings increase the strength and apparent toughness of silicon substrates due to residual compressive stress and not the prevention of crack growth for large impact loads.
2. When the coating process is successful, transgranular fracture should be expected. Of course this is dependent on the deposition technique (processing), substrate composition and surface roughness. i. 
